Producing and revealing inflation forecast is believed to be the best way of implementing a forward-looking monetary policy. The article focuses on inflation forecast targeting (IFT) at the Czech National Bank (CNB) in terms of its efficiency in shaping consumers' inflation expectations. The goal of the study is to verify the accuracy of the inflation forecasts, and their influence on inflation expectations. The research is divided into four stages. At the first stage, central bank credibility is examined. At the second stage -accuracy of the inflation forecasts. The next step of the research covers a qualitative analysis of IFT implementation. Finally, the existence of the interdependences of inflation forecast, optimal policy paths and inflation expectations is analyzed. Credibility of the central bank, accuracy of the forecast and decision-making procedures focused on the forecast are the premises for the existence of relationship between forecasts and expectations. The research covers the period from July 2002 -till the end of 2013. Its methodology includes qualitative analysis of decision-making of the CNB, quantitative methods (Kia and Patron formula, MAE forecasts errors, quantification of expectations, non-parametric statistics). The results confirm the existence of interdependences between inflation forecasts and expectations of moderate strength. The preconditions of such interdependences are partially fulfilled. The research opens the field for cross-country comparisons and for quantification of IFT implementation.
Introduction
Modern monetary policy focuses on expectations. Central banks search for the tools that are helpful in shaping inflation expectations and that enhance their forward-looking attitude. Producing and revealing inflation forecast is such a tool. An ability to guide market expectations can be analyzed in the context of the central bank credibility. The central bank is credible when the private sector believes that the central bank will realize what it said (Mackiewicz-Łyziak, 2010, p. 12) . The most obvious central bank's declaration is inflation target. When the market expectations are on the inflation target level, the central bank is perceived as credible. The article focuses on the central bank inflation forecasts and consumer expectations. They are analyzed jointly, and the context of inflation forecast accuracy and IFT implementation is added.
The main research question of this paper is whether households believe inflation forecasts. The hypothesis assumes that inflation forecasts published by CNB in the years 2002-2013 are accurate (1) and correlated with inflation expectations of households (2). The main objective of this research is to verify this hypothesis. The research has a broader context as well. Its starting point is the qualitative analysis of the inflation forecast targeting implementation and examination of the central bank's credibility. They constitute important preconditions of using forecasts for shaping expectations.
The research presented in the article is the first complex analysis of the inflation forecasts and their usefulness for the consumers and the central bank.
Theoretical Background
Modern monetary policy is, and should be, forward-looking. The forwardlooking nature of inflation and monetary policy focus on inflation expectations are emphasized in modern monetary theory. Its framework is broadly described in the related literature (Mankiw, 1990 , pp. 358-360, Goodfriend & King, 1997 , pp. 24-40, Galí, 2003 . The starting point for developing a New Neoclassical Synthesis Model was the staggered price setting model (Calvo, 1983, pp. 384-393) , where inflation depends on current inflation expectations and output gap. An expected price level change should be taken into account while readjusting prices, as the economic agents know that it may not be possible to change the prices in the following period. The ability of a central bank to influence expenditure, and hence pricing decisions, is strongly dependent upon its ability to influence market expectations regarding the future path of overnight interest rate, and not merely their current level (Woodford, 2003, p. 16) .
The modern monetary policy strategy -inflation targeting -is believed to be the best way to implement a forward-looking, focused on expectations, monetary policy. Inflation forecast produced by the central bank on the basis of monetary transmission mechanism is immanent part of inflation targeting which can even become inflation forecast targeting (IFT), where inflation forecast plays the role of an intermediate objective of monetary policy. One argues that ascribing the function of an intermediate target to the inflation forecast simplifies implementing and monitoring monetary policy (Svensson, 1997 (Svensson, , p. 1120 .
The main reason why the forecasts are revealed is a need to shape inflation expectations of the public. Publishing the inflation forecast may help to guide longer-term expectations. It can serve as a temporary anchor, especially in situations where the target is missed because of shocks that are out of control of the central bank. An anticipated course of inflation, showed by a credible central bank may limit the expectations' growth (Skořepa & Kotlán, 2003, pp. 154-155) .
In the last decade majority of the central banks started to produce and reveal their own inflation (and GDP) forecast. It proves the importance of the forecast in monetary policy.
Inflation forecasts are made on different instrument-rate assumptions. The most important assumptions are: constant instrument rate during the entire forecast horizon (CIR), market expectations of the future interest rate (ME) and endogenous rate. These assumptions imply the different decisionmaking procedure (CIR -the rule of the thumb, endogenous rate -following optimal monetary policy path). Implementing the optimal monetary policy requires the optimal (specific) targeting rule related with a flexible strategy (target variables for both inflation and the output gap), and operating in a way that expresses the identity between the marginal rates of transformation (MRT) and substitution (MRS). MRS is based on the preferences of Monetary Policy Committee and MRT is based on the structure of the economy (Svensson, 2002, pp. 773-777) . That is why the policy path includes the forecasts of the target variables such as inflation and output gap and instrument-rate path consistent with them. It can be described as the current and future interest rate path that is consistent with achieving inflation target (Svensson, 2003, pp. 451-460) . In the research only the inflation forecasts are analysed and we assume that inaccurate forecasts imply inaccurate policy path.
Methodology of the Research
This research focuses on the case of the Czech Republic. The CNB has produced its own macroeconomic forecasts with endogenous interest rate since July 2002. It imposes the starting point of the research. Forecasting inflation at the CNB occurs within the multi-model approach and its whole system is called FPAS. It consists of a vast number of models including auxiliary models, satellite models and one core model. The models support forecasting for different forecast horizons: short, medium and long term. The result of the forecasting procedure is a long-term projection of CPI inflation and, since 2008 also core inflation projection (MPRI). The components of the whole system are given in Table 2 . The research on the inflation forecasts of the CNB is divided into four specific steps which are shown by Figure 1 . At the first stage, the credibility of the CNB is analyzed. The credibility is understood as the fulfillment the central bank's formal declaration -inflation target. This fulfillment was checked on the basis of calculating the mean absolute deviations of past inflation from the inflation target. The study includes two measures. The first one is a simple absolute deviation of inflation from the inflation target, as follows
rate and π is the inflation target. The authors adopted their own interpretation of the deviations of the inflation from the inflation target. This interpretation assumes that the central bank is credible when the simple mean absolute past inflation deviation from the inflation target is in the range <0,1>. It is consistent with establishing a +/-1 p.p. fluctuation band around the inflation target. The next credibility measure is Kia and Patron formula (Kia & Patron, 2004, p. 11 ) of inflation deviations from the inflation target:
The use of the exponential function shows that with increasing deviation of inflation from the inflation target the credibility of central bank decreases exponentially (faster). The interpretation of credibility here is consistent with the previous measure. The deviation from the inflation target at 1 p.p implies the value of the formula close to 60,65 points. That is why the authors assume that the central bank is credible when the value of Kia and Patron formula is between 100 and 60 points. Figure 2 presents the possible values of Kia and Patron formula for the deviation between 0 and 10. Point A on the graph shows the bank's established credibility limit. The interpretation of the both measures is given in Table 3 . Accuracy of the forecasts is also based on two measures whose values and ideology are consistent with the previously chosen coefficients of credibility of central bank. The first measure is the absolute deviation of past inflation forecast from the inflation target:
, where ŷ is the inflation forecast. As the next step, the Forecast Absolute Error is calculated as follows
The accurate inflation forecasts should be characterized by values smaller than 1 for both measures, which is described in Table 4 . Besides the quantitative part of the research, qualitative analysis on the actual decision-making procedure of the CNB Board is made. Consistency of the Bank Board in IFT implementation can be a strong explanatory factor of the interdependences between the forecast and the inflation expectations. Analysis of the IFT implementation covers 4 factors (Szyszko, 2011, pp. 22-23) : − formal declaration on the importance of inflation forecasts, − consistency of the decision of the Monetary Policy Committee (MPC) with the inflation forecast result, − decision timing, − decision justification.
These factors show whether the forecasts of inflation or policy path constitute an important premise in decision-making of the CNB. If they do, the possibility of shaping expectations via inflation forecasts and policy path is enhanced.
Consistency of the decision of the Monetary Policy Committee with the inflation forecast result means that its decision is in line with forecasts message. This can be analyzed in two ways consistent with the way of coding inflation forecast message. The first way refers to the central path for inflation. The rule of thumb says here that whey the central path in the monetary policy horizon is above the target, the interest rates should be raised. When the projected inflation in the monetary policy horizon is below the target -the rates should be lowered. When the central path of projection is within the fluctuation band of the target, the MPC reaction (change of the interest rates or leaving them unchanged) is consistent with the IFT implementation. The central path of inflation at the targeted level means that the rates should be unchanged.
The second way refers to the interest rate path. Here the MPC decision is consistent with the forecast when the rates are changed according to the policy path suggestion. This is a more restrictive approach, as it does not open the room for maneuvers for the central bank. In the case of the Czech National Bank, it is more suitable to follow this way of analyzing the Bank Board decisions, as the Bank is producing unconditional forecast with endogenous policy path.
Decision timing shows whether the central bank perceives the forecast as the best information on the future state of the economy. If it does, it makes decisions consistent with the forecast message just after the forecast is made.
Decision justification shows the main rationale behind the decision on interest rates. The central bank sends the message on the importance of forecasts to the public if it refers to the forecast message in the justification.
The last part of the research focuses on interdependences of inflation forecasts and inflation expectations of consumers. The theory assumes that inflation should be an important factor in the formation of expectations. The research is limited to the correlation of both variables and it does not refer to the cause and effect relation. The research covers 46 forecasts (July 2002 (July -2013 . The way of coding the data on inflation forecasts and policy path is described in Table 5 . Table 5 . Inflation forecast and policy path
Forecast of: Options: Timing
Central path of inflation -the central path is below the lower boundary of fluctuation band, -the central path t is below the inflation target but within the fluctuation band; -it is at the inflation target level; -it is above the inflation target but within the fluctuation band; -the central path is above the upper boundary of fluctuation band
Beginning of the monetary transmission horizon Interest rates path -the rates are to be lowered; -the rates are to stay unchanged; -the rates are to be raised.
First step -just after producing forecast Source: own work.
The inflation forecast here means not only the central projected path of inflation but the whole policy path as well. This is consistent with the Czech forecasting system. The forecast itself is unconditional -policy path is endogenous. This means that the central path of inflation should be on the inflation targeted level within the monetary policy horizon if the interest rates are changed according to the path. In reality this condition is not fulfilled, as the model does not capture future shocks and the rates are not changed in the way suggested by the path in next steps (they are actualized with the next forecast). This is why both outcomes of the model -central path of inflation and interest rates path -are confronted with inflation expectations of consumers.
The data on inflation forecast are encoded because of two reasons. First of all, consumer's inflation expectations are considered. Consumers are not specialists. They do not read the forecasts on their own. They do not understand sophisticated information on inflation forecasts. It is enough to say that qualitative surveys on expectations were abandoned by the central banks, as the households awareness of economic situation was poor, and the results of surveys were not reliable. The second reason for encoding the data is connected with the way the forecast is revealed. No detailed information on levels was given at the beginning of the research period. Forecast and the policy path were presented in the Inflation Report in a descriptive way 1 .
As the forecast is produced quarterly and the expectations are examined monthly, the research assumes that one forecast message may influence the expectations formation 3 times. The lags are also assumed: the forecast may influence expectations in the month of its disclosure as well as during the following months.
Consumers' expectations of households are not directly observed. They are examined on the basis of regular qualitative surveys. Consumers answer the question on their inflation perception and expectations. Inflation perception refers to the past inflation and is not the subject of this research.
The question for inflation expectations is: By comparison with the past 12 months, how do you expect that consumer prices will develop in the next 12 months? And the answers to choose from: They will…increase more rapidly, increase at the same rate, increase at a slower rate, stay about the same, fall, don't know (The Joint Harmonized…, 2007, p. 51) . Then the answers can be used in two ways. First of all, the balance of answers is calculated. The balance of answers does not directly measure the inflation expectations, thus it cannot be interpreted in a straightforward way. For example, when it is positive it means that the number of respondents who expected prices to increase more rapidly over the next 12 months than in the past exceeded the number of those who expected prices to remain the same or increase more slowly that in the past. (The Joint Harmonized…, 2007, p. 18) .
The answers to the surveys' question on expected inflation are also the basis for quantifying inflation expectations using the adjusted Carlson-Parkin method. It assumes that if the number of respondents is sufficiently large, the expected rate of price change is normally distributed 2 . The quantification of qualitative responses makes use of the fact that, in replying to the survey question regarding inflation expectations, respondents compare their predictions with the rate of price change as perceived when the survey is carried out (Łyziak, 2003, pp. 11-13) . The latest inflation figure stays here for inflation perception.
Survey data on expected inflation are derived from the Business and Consumers Surveys -The European Commission survey on business and household situation. Surveys are held monthly. The Czech Republic has been covered from 1995.
The interdependences between inflation forecast (interest rate path) and expectations are calculated here. Non-parametric correlation measures are used. This is imposed by the range of data availability. The Pearson's correlation of the central path of inflation and the expectations is also tested.
However, due to limited consumers' perception of economic data, coded results are more important.
Results of the Empirical Research
At the first stage of the research the authors analyzed the credibility of the CNB in the years 2002-2013. The study was conducted on monthly data. The formation of the values for CNB of Kia and Patron formula are presented by Figure 3 .
According to the results, the lack of credibility occurred temporarily in five periods: in mid-2002, in the year 2003 and in the first two months of 2004, in mid-2010, at the end of 2002. In other periods CNB can be described as credible. The mean value of Kia and Patrol formula is 65,46 points.
The analysis of past inflation deviations from the inflation target, due to similar construction, gave the same results, which allowed the authors to confirm the thesis that in the years 2002-2013 CNB was credible. The summary of this step of the research is presented in Table 6 . As the CNB during the research period was credible, the information produced by the bank could be the premise in expectations shaping of consumers.
The next step of the research focuses on the forecasts accuracy. According to the idea of optimal policy, the inflation forecast is consistent with the instrument-rate forecast and at the end of the horizon it should be equal to the inflation target. That is why it is important to check how to evaluate the inflation forecasts in relation to the inflation target. At this step of the research the authors analyzed the mean absolute past inflation forecasts deviation from the inflation target in CNB from July 2002 to May 2012 (the period of the study was chosen due to available data). The research was conducted on quarterly data. The value of the mean absolute deviations of past inflation forecasts from the inflation target is 1,31%. The next part of the analysis of inflation forecasts was calculation the absolute forecasts errors. The value of the mean absolute forecasts error (MAE) of the inflation forecasts is 1,07 %. The results show that inflation forecasts published by CNB in the chosen period were inaccurate. The summary of this step of the research is presented in Table 7 . The results of the first and the second part of the research create a background for the analysis of interdependences of expectations and forecasts results. The CNB in the period covered by the examination was credible, which is the first step to properly anchor the inflation expectations. Unfor-tunately, the results also show that the CNB inflation forecasts in the same period were not accurate and were not a good forecast in the sense of predicting future inflation. On the other hand, the value of the mean deviation from the inflation target (which is 1,07 %) implies that the forecasts did not deviate strongly from the inflation target. That is why the forecasts can still be seen as a useful tool, according to IFT ideology. The third step of the research focuses on IFT implementation in the CNB. The CNB shows strong commitment to IFT implementation. It starts on the declarations level -the forecast is claimed to be of greatest relevance in decision-making (which is declared at the website of the Bank and in its strategic documents). This declaration meets the practice of the Bank Board as it changes rates accordingly to the message of forecast and does it when the forecast has just been produced. In the examined period (114 meetings of the Bank Board, 46 forecasts discussed) only 9 times the Board ignored the message of forecasts (in terms of interest path). These cases are called decision's deviations. The details of the explanations are given below. They are divided into two groups (presented in Table 8 ). The first one covers deviations from 2003 to 2011. Their rationale is shock or "wait and see" attitude of the CNB. The second group covers 2013. The reason for not following the message was technical -the Bank had been already operating at the nominal zero rate. The Board announced the possibility of intervention on the FX market to weaken the Czech koruna. The message of the forecast was ignored because it was not possible to follow it. The methodology of analysis is clear and classifies these cases as decisions' devia-tions. Except those special situations, the CNB followed the interest path consistent with its macroeconomic forecast. Even in the most turbulent period of the end of 2008 and 2009, the Board's decisions were in line with the forecast path of interest rates. The precondition of using inflation forecasts as the tool that supports expectations shaping is thus fulfilled. Figure 4 that presents the measures of the forecast accuracy also contains the information on the compatibility of the Bank Board decisions with IFT. It shows that inflation forecasts played a role of intermediate target in CNB, even though most of them were inaccurate. The results of the research on interdependences between expectations and forecasts results are presented in Table 9 . They prove the existence of statistically important (for p=0,05) interdependences of inflation forecast and expectations. Their strength is moderate and it rises with the lengthening of the lag. For the inflation forecast the results of non-parametric statistics are also confronted with the standard correlation measure (for quantified inflation forecast) that confirms the results for the coded data. The results concerning the central path (here referred to as CP -central path of inflation) are not surprising. If the forecasts showed that inflation would exceed the goal, the expectations rose.
Accuracy
However, the results on interest path (PP -policy path) are counterintuitive. They show that when the rise of the rates is consistent with the macroeconomic forecast, the expectations of consumers rise as well. Transmission mechanism based on the modern theory draws a negative correlation of interests rates and expectations. The results obtained for the CNB show that the forecast itself guides expectations rather than policy path.
The results of examination of the interdependences and the CNB's decision making procedure may not be interpreted unambiguously. First of all, a positive correlation of policy path and expectations of consumers is surprising. Secondly, the strength of interdependences is moderate. The forecast is not the only one factor influencing expectations. A possible explanation of moderate strength (instead of strong relationship) is inaccuracy of the forecasts. Thirdly, the existence of positive relationships between inflation forecast and expectations proves that consumers do not really perceive that the central bank is effective in its actions. In the case of perfect credibility, inflation expectations are on the target level.
In the years 2002-2013 the CNB could be characterized as a credible central bank, however its credibility was not perfect. The CNB forecasts were inaccurate. It is sure that this non perfect credibility and inaccuracy of the forecast has an impact on interdependences. It must also be remembered that CNB is implementing a flexible type of IFT. That is why accomplishment of other target variables (like output gap) could be carried out at the expense of the accuracy of inflation forecasts.
It should be mentioned that the research was held for consumers -a less educated group in the economy (as compared with specialists and companies). This is why the unambiguous results appears.
Conclusions
In perfect situation, the perfectly credible central bank publishes accurate forecasts which anchor the economic agents' inflation expectations on the target level of inflation. The CNB is not perfectly credible and it publishes inaccurate forecasts -according to methodology of the research. However, those forecasts play the role of intermediate target of monetary policy. They are also correlated with inflation expectations of consumers. The results of the research are far away from perfect situation but they are satisfactory. Anchoring inflation expectations is the main function of inflation forecasts in the central banks implementing inflation targeting strategy. From this point of view, inflation forecasts of the CNB fulfill, at least to some extent, the main goal of revealing them -they are correlated with inflation expectations. The research confirms the main body of the hypothesis that inflation forecasts published by CNB in the years 2002-2013 were correlated with inflation expectations of households, regardless of the fact that the hypothesis of the forecast accuracy is rejected. The problem is connected with the forecasting system (that produces inaccurate forecasts), while the other results are consistent: credible central bank that implements IFT may affect expectations via forecasts.
There are several directions of further research. The most obvious is expanding the scope of the research on the other central banks. Such a comparative analysis can be enriched with the countries of the longest experience in inflation forecast targeting. Having the panel of countries that implement IFT and their forecast-expectations interdependences, further questions on the results can be answered: − Does the strength of correlation depend on consistency in IFT implementation? − Does the strength of correlation depend on the forecasts accuracy? − Do the interdependences depend on the credibility of the central bank and its effectiveness? − Does the transparency of the central bank influence the relationship of the expectations and the forecast results?
The field for methodological improvement also exists in this kind of research: the data on forecast results may be encoded in a different way.
In this research the authors analyzed the credibility of central bank, inflation forecast accuracy and interdependences of the forecasts and inflation expectations. Steps of the study were designed to preserve the consistency with theoretical premises. The obtained results for subsequent steps of the research correspond with each other. The results, along with a qualitative assessment of the use of forecasts, describes the idea of IFT implementation at the CNB. The results are a contribution to the creation of complex index specifying the degree of implementation of the IFT strategy in central banks.
Regardless of the future expansion of the research, the results obtained here deliver valuable information on the function of the forecasts.
